Dendritic cells (DC) are highly efficient antigen presenting cells being actively evaluated as vaccine components. A number of studies have shown adenovirus-mediated gene transfer to cultured DCs is feasible and that Ad-modified DCs are effective at inducing T cell immunity in vitro and establishing antitumor immunity in experimental tumor models in vivo. The current study evaluates the biologic effects of Ad infection on murine bone marrow-derived DCs (BMDC) in primary culture. Ad infection (MOI 200) of BMDC induced significant increases in IL12 p40 protein in culture supernatants (6 × that of uninfected BMDC and similar to that observed with addition of LPS and CD40 crosslinking antibody). Supernatants from Ad infected BMDCs induced appreciable increases in IFN␥ from naive splenocytes in culture. Consistent with DC activation, FACs analysis showed
Introduction
Dendritic cells (DCs) are potent antigen presenting cells. 1 Antigen loaded DCs migrate to lymphoid centers where they interact with effector cells and orchestrate immune responses through expression of costimulatory and adhesion molecules on their cell surface of the cell, and through elaboration of cytokines. 1, 2 DCs are the primary source of IL-12, which is the dominant cytokine responsible for initiation and potentiation of cellular immune responses; [3] [4] [5] [6] these cellular immune responses are an important component of tumor cell rejection and are involved in host defenses against a variety of pathogens. [7] [8] [9] [10] Importantly, DCs can be cultured in vitro, and are thus a logical choice for vaccine development. 2, 9, 11 DCs have also been shown to be permissive to adenovirus vector (Ad) infection in vitro at high multiplicity of infection (MOI). [12] [13] [14] [15] [16] [17] Several studies have shown Admodified DC vaccines, using Ad vectors to transfer cDNA of specific antigens ex vivo, successfully induce T cell immunity against target tumor cells expressing relevant antigen in vitro and in vivo in experimental tumor models. [18] [19] [20] [21] [22] [23] [24] [25] [26] It is logical that these effects are primarily related to efficient antigen presentation via MHC I and BMDC infected with Ad vectors up-regulated the surface expression of B7-2, ICAM-1 and MHC II. Additional experiments evaluated the role of virus attachment, internalization and gene expression using IL-12 p40 production as a marker of DC activation. Neither heat-inactivated Ad nor peptides containing the RGD sequence (the primary component of Ad penton base which interacts with cell surface integrins) induced significant amounts of IL 12 p40. In contrast, psoralen/UV-inactivated Ad showed similar levels of IL12 p40 production compared with intact Ad. These data suggest this phenomenon is dependent on viral entry into the cell and/or translocation to the nucleus, and is independent of either viral gene or transgene expression. Gene Therapy (2000) 7, 1112-1120.
MHC II molecules which are interacting with resident T cells in lymphoid centers in vivo. 1, 19, [26] [27] [28] [29] DC activation is a critical event for the induction of T cell immunity.
1,30 DC activation is commonly described in the context of a positive feedback loop, where antigen bearing DC interact with activated CD4 + T-helper cells via CD40-CD40 ligand interactions.
2,31-33 CD40 independent DC activation can also occur in response to inflammatory stimuli, including lipopolysaccharide (LPS) and a variety of microbial agents. 17, 28, 29, [34] [35] [36] Importantly, direct infection of DCs with influenza virus has been shown to induce an activated DC phenotype. [34] [35] [36] Consistent with these observations, a recent report by Rea et al has shown a similar effect with adenovirus infection of human dendritic cells, observing similar activation with wild-type adenovirus and Ad vectors with various genome modifications (E1, E2A, E3, E4). 17 With this background, and the knowledge that first generation Ad vectors are also proinflammatory for other cells, the current study explores the effects of Ad vectors on cultured murine bone marrow-derived DC (BMDC). [37] [38] [39] [40] Using relevant markers of activation (B7-2, ICAM-1, MHC II expression, and IL12 p40 production) the data show BMDC, grown in GMCSF and IL-4, were activated in vitro during Ad vector infection in a CD40-independent fashion. Further experiments evaluated whether Ad attachment, internalization, or gene expression was responsible for this phenomenon, using IL-12 p40 production as a marker for activation.
Results
BMDC activation IL-12 p40 production: IL-12 p40 is a component of the IL-12 p70 heterodimer. IL-12 p70 was evaluated in the supernatants of Ad-infected and LPS control supernatants and no significant increases above baseline were noted (not shown). The p40 subunit is produced in excess of p35 subunit, and thus is more easily measured by ELISA. 41 In this context, p40 was used as a marker for DC activation in these studies. 41 The data show a dosedependent increase in IL-12 p40 produced by BMDC in response to Ad infection (MOI 2-400 based on measured p.f.u.) with increases above control measurable at MOI 10-20. An agonistic crosslinking anti-CD40 antibody was used as a positive control (Figure 1a ). BMDC were infected with AdGFP at MOI 200 based on p.f.u. Supernatants from Ad-infected BMDC in four independent Gene Therapy experiments with duplicate or triplicate samples show a significant increase in the amount of IL-12 p40 above uninfected controls (P Ͻ 0.01 DC 160 ± 24; DC + AdGFP 1303 ± 94) and contained levels similar to those observed when cells were incubated with LPS at 10 ng/ml and CD40 crosslinking antibody (P Ͼ 0.1 both comparisons; DC + CD40Aby 1190 ± 210; DC + LPS 1439 ± 152; DC + AdGFP 1303 ± 94). BMDC in the presence of Ad storage buffer (CsCl 1.33/10% glycerol dialyzed against 2 liters of 10 mm Tris/HCl (pH 8) 100 mm MgCl 2 ; 10 mm NaCl) showed IL-12 p40 production similar to that of untreated controls (P Ͼ 0.1; DC 160 ± 24; DC + buffer 216 ± 6) (Figure 1b) .
BMDC grown in culture do have some minor lymphocyte contamination even after multiple media changes. Treatment with anti-CD40 ligand (CD40L) antibody 30 min before and throughout the 36 h duration of assay was used to inhibit potential CD40 crosslinking by activated T cells arising from T cell contamination. Treatment with the anti-CD40L antibody did not change the reproducible increase in IL12 p40 production above control (P Ͼ 0.1; not shown).
BMDC production of other cytokines in the setting of Ad infection Other cytokines produced by DCs may have biologic relevance to DC maturation and bioactivity. Supernatants were therefore assayed for TNF␣, IL1␤, and IL-2 at 36 h after infection. Supernatants from AdGFP infected BMDC showed TNF␣ to be inconsistently elevated above control, uninfected, BMDC and did not reach statistical significance (9 ± 4 pg/ml versus 51 ± 16 pg/ml; P Ͼ 0.05). IL-1␤ was seen consistently within the measurable limits of the assay following AdGFP infection (19 ± 3 pg/ml) compared with unmeasurable levels in control supernatant (5 ± 1; P Ͻ 0.01); IL-2 was unmeasurable in both groups (not shown).
BMDC activation and assessment of bioactivity Since it was unclear if the cytokines measured, specifically the p40 component of the IL12 p70 heterodimer, were bioactive, the influence of supernatants on mononuclear cells was evaluated in vitro. Whole naive mononuclear splenocytes were incubated in media from Adinfected BMDC (BMDC/Ad) or uninfected BMDC × 36 h and IFN␥ was measured by ELISA. In three independent experiments BMDC/Ad supernatants induced dramatic increases in IFN␥ (5 × 10 6 whole splenocytes at 36 h) compared with splenocytes in untreated BMDC media. BMDC, BMDC/Ad supernatants and lymphocyte controls measured just above the minimum sensitivity of the assay (Figure 2 ). These data suggest a bioactive cytokine production following Ad infection of BMDC, and likely represents the presence of the IL-12 heterodimer.
Evaluation of BMDC infection and surface molecule expression by FACS analysis
The data show BMDC are readily infected by AdGFP at MOI of 200. GFP expression (FL1 channel) was paralleled with enhanced surface staining with CD86-PE conjugated antibody seen in the FL2 channel (Figure 3a) . The nonfluorescent vector Adgp75 was also used at MOI 200 to evaluate CD86, ICAM-1 and I-A (MHC II) (Figure 3b ). Data are summarized in Table 1 . Is Ad infection or gene expression responsible for DC activation Ad penton base interacts with cell surface integrins ␣ v ␤ 3 and ␣ v ␤ 5 via ARG-GLY-ASP (RGD) peptide sequences to promote internalization. 42 Since integrin binding has known second messenger effects, and DCs are shown to express ␣ v ␤ 3 integrins, it was rational to evaluate the role of Ad penton base interaction with BMDC. 43, 44 Heat inactivation of Ad vector was used to rupture the viral capsid, making it incapable of entry into the cell. As a surrogate to penton base-derived RGD, several RGD containing peptides were evaluated in culture with BMDC. No increase in IL-12 p40 was seen with heat-inactivated nor any of the four RGD containing peptides in three repeated experiments (not shown).
UV inactivation allows viral entry into the cell but makes the virus incapable of gene expression. 45 To evaluate the importance of viral entry into the BMDC, equivalent particle numbers were used in experiments comparing UV inactivated virus to intact AdGFP. Particle number per milliliter was measured spectrophotometrically for both intact and UV-inactivated virus; particle number was calculated for MOI 200 of intact virus and Table 1 . equivalent particles of UV inactivated virus were added to cultured BMDC (10 8 particles/10 5 cells). The data show that UV inactivated virus induces similar levels of IL-12 p40 to that seen with intact virus (P Ͼ 0.1; Figure 4) . Additionally, FACS analysis for CD86 surface expression was performed on cells infected with AdGFP and UVinactivated AdGFP and compared with uninfected controls. In three independent experiments DCs incubated with UV-inactivated AdGFP lack green fluorescence which was similar to uninfected controls (11 ± 2 versus 21 ± 7; P Ͼ 0.1). These cells show increases in CD86 staining similar to cells incubated with intact AdGFP (60 ± 8% versus 71 ± 32% increase above uninfected controls; P Ͼ 0.1; Figure 5 ).
Figure 3 FACS analysis of BMDC following AdGFP infection. (a) AdGFP/BMDC were stained with anti-CD86-PE conjugated antibody and evaluated by FACS in the top panel for GFP expression (FL1) and in the bottom panel for CD86 expression (FL2). (b) Adgp75/BMDC evaluated independently for CD86, ICAM-1, and MHC-II expression. Numbers within figures correspond to mean fluorescence of untreated DC (left) or infected with Ad (right). Figures shown are representative of repeated experiments. Mean fluorescence for these figures, in addition to increases in mean fluorescence for all experiments and number of times each was repeated, is shown in

Table 1 Phenotypic changes in BMDC following Ad infection
Discussion
Virus-mediated gene transfer to DCs is a promising approach to vaccine development. Importantly, literature suggests that DC vaccine preparations can be optimized by using DCs with higher levels of activation. In context of the potential therapeutic implications, further characterization of this approach is warranted. 29, [46] [47] [48] The current study describes CD40-independent activation of murine BMDC following Ad infection (Ad/BMDC). In these experiments the Ad vector was evaluated for its ability to induce IL-12 p40, a marker of BMDC activation. Supernatants of Ad-infected BMDC, with measurable levels of IL-12 p40, were capable of inducing IFN␥ production among naive splenocytes. These data suggest BMDC produce bioactive cytokines following Ad infection. FACS analysis of Ad/BMDC indicate up-regulation of B7-2, ICAM-1 and MHC II as additional signs of activation following Ad infection. Further, UV-inactivated AdGFP, which allows viral entry but no gene expression, induced similar amounts of IL-12 p40 to intact AdGFP vector. Neither RGD peptides nor heat-inactivated AdGFP induced IL-12 p40 suggesting the critical event is translocation of Ad and not virus attachment or gene expression.
DCs mature through stages. Immature DCs which circulate systemically and reside in peripheral tissues have phagocytic capacity, limited mobility, and express comparatively low levels of costimulatory and adhesion molecules to their mature counterparts. These cells are also incapable of IL-12 production. These immature cells phagocytize particulate antigen in the periphery and migrate to the lymphoid centers where additional stimulus leads to further maturation. At this point DCs can provide higher levels of costimulatory, adhesion and MHC molecules optimal for antigen presentation. These more mature cells produce IL12 in significant amounts which is a driving force in T cell immunity. 1, 2, 6, 29, 34, 49 These advanced stages of maturation are the result of a feedback loop, which occurs via CD40-CD40 ligand interaction (CD40 pathway). That is, CD40 ligand (CD40L) is expressed on the surface of lymphocytes activated during antigen presentation.
2,31-32
Via DCs enhanced capacity for antigen presentation and cytokine production, these cells orchestrate a cellular immune response, which is the predominant immune defense against tumor cells and an array of infectious agents. 7, 9, 10, 29 DC can become activated through CD40-independent mechanisms as well. LPS, and a variety of immunogens/microbes and viruses have been shown to induce DC activation in vitro and in vivo. 17, 28, 29, [34] [35] [36] This CD40-independent pathway of activation is not well characterized and is thought to result from direct effects on the DC (infection or phagocytosis), through secondary effects of regional inflammation, or from a combination of the two. 28, 29, 50 Further, varying cytokine combinations can induce or suppress phenotypic maturation among DCs in primary culture. 45, 46, 48, 50 In this context both TNF␣ and IL-1␤ have been shown to induce final stages of maturation among cultured DC. 51 Data suggest both may be induced by Ad infection, albeit at low levels. Accordingly, since DCs are a source of both of these factors, and there is the suggestion that BMDC produce these cytokines in response to Ad infection, autocrine stimulation through TNF␣ or IL-1␤ cannot be excluded in the studies presented. Either or both of these factors could be required in very low concentration in such an autocrine setting or the kinetics of production could be missed at a single time-point measured at 36 h. Additional studies could define the relative importance of these cytokines in this system.
In these experiments IL-12 p40 production is used as a marker for BMDC activation. IL-12 p40 mRNA and protein however is produced more liberally than the p35 subunit. 41, 52 Both CD40 ligation and LPS stimulation have been shown to induce IL-12 p40 similar to Ad, as seen in the current study. Paradoxically, IFN␥ is a defined cofactor necessary for IL-12 p35 production following CD40 ligation of DCs, yet is not necessary with LPS stimulation. [52] [53] [54] [55] The observations that Ad/BMDC supernatants stimulate IFN␥ production among naive splenocytes suggests Ad vectors may be able to induce bioactive IL-12 without IFN␥ costimulation similar to LPS. It is important to note that neither LPS nor Ad vectors induced measurable increases in IL-12 p70 in DC supernatants by IL-12 p70 ELISA, and in this context is unclear which cytokines are responsible for this splenocyte stimulation. It cannot be assumed from these studies that IL-12 is the primary cytokine responsible since IL-12 p40 is only a component of the active p70 heterodimer. IL-15 is another cytokine produced by DC whose function is similar to IL-2 and may contribute to T cell and NK cell activation and IFN␥ stimulation. This cytokine is only recently described and no quantitative assay is yet commercially available for murine IL-15.
56 IL-2 is unlikely to play a role since it was unmeasurable in Ad/BMDC supernatants. Regardless of the dominant factor responsible for IFN␥ production, it is clear that BMDC infected with Ad are capable of inducing this potential cofactor independent of CD40 crosslinking and, at least initially, in the absence of IFN␥ (confirmed by ELISA).
The data show Ad infection induces phenotypic changes within BMDC cultures. This is consistent with reports of phenotypic changes among DCs in response to influenza virus infection 35, 36 and is consistent with a recently published report by Rea et al 17 16, 17 No such comparisons are available for the current study because of murine origin of the DCs used in these studies, but may explain inconsistencies in the available data. Kaplan et al 26 and Wan et al 23 also report limited to no reproducible augmentation of surface molecule expression of murine BMDC infected with Ad (MOI 100 or 500) other than MHC I, however limited information is available from the data included in these papers. Another potentially important difference is the relative MOI used in studies by Rea et al (MOI 1000) and the current studies. In this context particle number may also contribute to these discrepancies. Although all investigators state they have Ͼ90% efficiency in cell transduction, the range of MOI needed varies widely (50-1000), thus the particle number each DC is exposed to is different between investigators. Similarly, if a preparation of Ad with lower particle to p.f.u. ratio is used, this would result in a lower number of viral particles per cell yet the same MOI. As the data show, DC stimulation is dependent not on MOI but particle number, and that stimulation is a dose-dependent phenomenon. Higher MOI used in the current studies and those of Rea et al mandates higher particle number. The particle to p.f.u. ratio of the viruses used in these experiments is roughly 50:1, thus particle number added to each cell in these experiments is approximately 1000. Vectors used by Rea et al had particle to p.f.u. ratio of approximately 100:1. Particle number was not specified by other investigators. In contrast to the recent paper by Rea et al, the current submission does show an increase in IL-12 p40. There is no reliable explanation for this difference, however IL-12 production would be expected to be based on observation of CD40-independent activation by viruses and other microbial pathogens. 28, 29, [34] [35] [36] It is becoming increasingly clear that DCs are a functionally heterogeneous population of cells, and development of DC phenotypes are dependent on myriad influences, including DC precursor type. 7, 46, 47, 49, [57] [58] [59] [60] [61] Different phenotypes of DCs may overlap with respect to morphology and some phenotypic markers (surface molecule expression and stimulation in mixed lymphocyte reactions), but produce varying cytokine profiles on stimulation. [57] [58] [59] In this context, DC cultures derived from peripheral blood and bone marrow may yield a heterogeneous population which are functionally distinct or are present in varying ratios. [57] [58] [59] [60] [61] Importantly, the study by Rea et al does show an enhanced IL-12 production of Ad-infected DC with CD40 stimulation above that of CD40 ligation alone, minimal IL-10 production, and potent immunostimulatory capacity. These data suggest the presence of a resident population which is primed for IL-12 production, but has insufficient stimulation for complete maturation. Where these effects could be seen with a relatively small subpopulation of DCs within a heterogeneous culture, the data would suggest more profound differences in the type of cells. The most obvious difference is the murine versus human origin of these DC, suggesting murine DC may be more responsive to Ad vector infection.
Relevant to functional heterogeneity and production of IL-12 p40, contamination of BMDC cultures with macrophages are a potential source of IL-12. This contamination may not be as significant with human DCs derived from peripheral blood as with bone marrow-derived DC. The methods used in these studies are similar to those used commonly in the literature. 51 Careful replating of DC before infection affords a concentrated population of cells with morphology typical of DCs by phase microscopy and high CD86 and MHC II expression by FACS analysis. Even with careful transfer of semi-adherent populations, however, some monocyte/macrophage contamination may be seen. In this context, LPS and CD40 crosslinking antibody, used here as positive controls, may also affect macrophages. 62 Therefore IL-12 p40 production derived in part from macrophages cannot be excluded.
Alternatively, or in addition, infection conditions (performed here in a small volume) may have resulted in greater contact and more stimulation in a shorter period of time, and is supported by the higher MOI required to infect similar numbers of cells in the study by Rea et al. In the current study Ad infection with MOI 200 of AdGFP resulted in Ͼ90% of DCs showing green fluorescence by flow cytometry compared with MOI 1000-2500 to obtain Ͼ90% infection in the studies by Rea et al. The current studies block CD40 ligation within culture thus ruling out the possible secondary enhancement of IL-12 production by CD40 ligation from contaminating lymphocytes. Studies are underway evaluating the intracellular signalling pathway following Ad infection of DCs which will further elucidate this phenomenon.
Evaluating the potential role of Ad penton base RGDintegrin mediated signal transduction in this phenomenon, neither heat-inactivated virus Ad nor several peptides containing the RGD sequence induced significant amounts of IL-12 p40. In contrast, psoralen/UV-inactivated Ad showed similar levels of IL-12 p40 production compared with intact Ad. The data show that the events which are most important take place upon viral entry and/or translocation into the nucleus and is independent of viral gene or transgene expression. This finding is consistent with a recent report of chemokine induction following psoralen/UV-inactivated Ad delivery in TGP6 and REC cells in vitro and among liver cells in vivo. 37 The mechanism of this phenomenon is not defined by the current experiments. Defining the intracellular signaling relative to Ad vector internalization and translocation remains to be explored.
As stated, these data indicate activation and bioactivity of murine BMDC infected with Ad. The therapeutic importance of this observation is suggested by studies showing that a higher level of maturation of BMDC vaccines have beneficial therapeutic effects on inducing antitumor immunity in murine tumor models. [46] [47] [48] Further assessing this effect in human DCs will provide more therapeutically relevant information. Inconsistencies are obvious between the murine system Gene Therapy evaluated here and other studies using human PBDC, but methods differ between these studies. Further investigation is warranted as optimizing the application of Ad technology to DC vaccine development may improve therapeutic efficacy. Additionally, the mechanisms of CD40-independent DC activation remain poorly defined. Characterizing the events of Ad infection of BMDC allows insight into the biology of dendritic cells, which may reflect similarities in human PBDC. Further, this system will provide information on the cellular interaction of Ad vectors used in this and other gene therapy applications.
Materials and methods
Adenovirus vectors
− partial E3 − adenovirus serotype 5 (Ad) vectors Adgp75 and AdGFP (carrying the enhance green florescent protein-1; Clontech, Palo Alto, CA, USA), were constructed, amplified, and titered using a standard plaque assay on 293 cells as previously described. 63, 64 Particles were calculated based on optical density. Particle to p.f.u. ratio was roughly 50:1 particles per active viral particle for both viruses.
Heat inactivation of Ad vectors
AdGFP was heated to 65°C × 30 min to achieve inactivation.
UV inactivation of Ad vectors
AdGFP virus was UV-inactivated using the protocol described by Cotten et al. 45 Briefly AdGFP was mixed with 8-methoxy psoralen (0.33 mg/ml; Sigma, St Louis, MO, USA) and UV irradiated at 365 nm for 1 h on ice. The AdGFP was purified over a PD-10 Sephadex G-25M column (Pharmacia Biotech, Piscataway, NJ, USA) and eluted with dialysis buffer. Fractions were collected in 1-ml aliquots and assayed for content by spectrophotometry. Tubes with highest OD reading were collected and stored at −70°C until use. Particles number equaled 10 12 /ml based on OD. Transcriptional activity was tested by standard plaque assay on 293 cells and determined to be Ͻ10 4 p.f.u./ml.
Generation of bone marrow-derived dendritic cells (BMDC) BMDC were cultured as described. 11,51 DC precursors were harvested from the femurs of C57B1/6 mice, passed through a 200 m mesh to remove fibrous tissue and red cells were lysed using red cell lysis solution (Sigma). Cells were cultured in GM-CSF (10 ng/ml; Sigma) and IL-4 (10 ng/ml; Genzyme, Cambridge, MA, USA) DMEM complete media (10% fetal bovine serum, 50 units/ml penicillin G and 50 mg/ml streptomycin; Gibco BRL Grand Island, NY, USA). Floating granulocytes were removed at 24 h, media changed every 48 h and the adherent fraction (DC and macrophages) were cultured for a total of 6-8 days. The loosely adherent DC were removed by gentle washing, leaving behind the more firmly adherent macrophages. The population of cells for each experiment was predominantly dendritic cells based on typical morphology and confirmed by analysis with fluorescence activated cell sorter (FACS) looking at cell size, expression of Ia and B7-2 (FITC-conjugated monoclonal antibodies; Pharmingen, San Diego, CA, USA).
Activation of BMDC with Ad vectors BMDC (10 5 ) were incubated with adenovirus vectors (AdGFP at various MOI; MOI 200 used in comparative studies) in 100 l DMEM with 2% FCS and 1% pen/strep × 1 h at which time the volume was raised to 0.5 ml with DMEM complete media plus 10 g/ml GM-CSF and no IL-4. Media were changed at 12 h after infection and supernatants were assayed at 24 h for cytokine production (36 h after infection) using enzyme linked immunosorbent assay (ELISA). Some subsequent experiments were performed without change of medium at 12 h and supernatant assayed at 36 h after infection. No difference was seen in IL-12 content between the two methods. Cytokines measured include IL-12 p40, IL-12 p70, IL-1␤, (R&D, Minneapolis, MN, USA), TNF␣, IL-2 (Biosource, Camarillo, CA, USA). Anti-CD40 crosslinking antibody (20 g/ml; anti-gp39; Pharmingen) and LPS (10 ng/ml; Sigma) were used as a positive control. Additional controls included Ad storage buffer and treatment of cultures with anti-CD40 ligand antibody (20 g/ml; anti-CD154; anti-CD40L; Pharmingen). 
Bioactivity of Ad-infected BMDC in vitro
Comparison of Ad attachment, internalization and gene expression in BMDC activation
To evaluate the role of virus attachment to integrins on the surface of BMDC, primary cultures were incubated with heat-inactivated AdGFP (MOI 200), or one of several RGD containing peptides (RGD; Gly-RGD; Gly-RGD-SerPro; Gly-RGD-Ser-Pro-Lys; 150 g/ml; Sigma) as a surrogate to penton base, and compared with intact AdGFP. IL-12 p40 was measured at 36 h by ELISA. To evaluate the role of internalization versus transgene expression, 10 5 BMDC were incubated with equivalent particle numbers of psoralen/UV-inactivated AdGFP ( 
Statistical analysis
Where indicated data are presented as mean ± standard error of the mean and comparisons were made using the unpaired two-tailed Student's t test and ANOVA.
